• METHODS: Twenty-eight normal and 27 POAG eyes were enrolled in this study. EDI-OCT was used to measure the macular choroidal area every 3h from 9:00 a.m. to 21:00 p.m.
INTRODUCTION
P rimary open angle glaucoma (POAG) is a leading cause of irreversible blinding disease characterized by progressive degeneration of retinal ganglion cells, resulting in the glaucomatous change of the optic disc and corresponding defect of visual field [1] . For most POAG patients, we could observe that the progress of visual field defect was from periphery (e.g. paracentral scotoma or arcuate scotoma) to the center. In addition, Rao et al [2] also found the rate of mean deviation (MD) change was less negative in eyes with more severe visual field loss at baseline. Hence, the changing rate of MD would slow down with the progression of POAG. So the central visual acuity of most POAG patients could remain undamaged as the normal individuals for a long time and only in the late severe stage of POAG would the central visual acuity be damaged. According to the neurovascular unit theory [3] [4] , the function of neuron and vessels were combined together. In addition, the blood supply of macula is only from the choroid due to lack of retinal vessels and the choroid is the main vascular layer of eye [5] . So the macular choroid might be of great importance for the central visual acuity. In 1990s, histological studies observed both thickened and thinned choroidal thickness in POAG patients [6] [7] . But recently, many studies reported no significant macular choroidal thickness difference between normal and POAG eyes by enhanced depth imaging optical coherence tomography (EDI-OCT) [8] [9] . Using the same method, Rhew et al [10] and Park et al [11] found the similar result between normal and normal tension glaucoma eyes. Furthermore, the Meta-analysis result of Wang and Zhang [12] suggested that there was no significant difference of the macular choroidal thickness between normal and POAG eyes. So as a neurovascular unit, the function of the macula (central visual acuity) and the macular choroidal thickness in POAG patients remained the same as that of normal individuals.
For normal tension glaucoma patients, intraocular pressure (IOP) could be in normal range but had an abnormal fluctuation with the progress of visual field defect [13] , indicating the dynamic parameter is as important as the static parameter. And just as the other ocular parameters, like IOP, axial length (AL) and anterior chamber depth [14] [15] [16] [17] , the macular choroid also did not stay unchanged in the whole day, but had a fluctuation [18] . So although there was no significant choroidal thickness difference between normal and POAG eyes according to the one-off measurement, however whether the fluctuation of choroidal thickness of POAG patients was similar to that of normal individuals was for now still not clear. To answer this question, we aimed to observe and compare the diurnal fluctuation of choroidal thickness between POAG patients and normal controls using EDI-OCT, which was a non-invasive, real-time, high resolution, high speed measurement method. In the meantime, we also hoped to study the correlation between the change in IOP and the change in macular choroidal thickness in both enrolled groups. And considering the higher accuracy of two-dimensional measurement than that of onedimensional measurement and the reduced measurement bias caused by choroidal thickness variation in different choroidal region, we chose choroidal area instead of thickness measurement.
SUBJECTS AND METHODS
This study was conducted in accordance with the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of the Tongji Hospital, Medical College, Huazhong University of Science and Technology, Wuhan, China. Written informed consents were obtained from all the research participants before enrolling them in this study. Registry number is ChiCTR-RCC-14004831. In this prospective research, we recruited 28 eyes from 28 normal individuals and 27 eyes from 27 POAG patients (one eye of each subject was randomly selected to eliminate the intereye correlation between two eyes of one subject). All the eyes received the same ophthalmic examinations, including the best-corrected visual acuity (BCVA), refractive error (RE), IOP measurement by non-contact tomometer (NIDEK RT-2100; NIDEK, Co., Ltd., Gamagori, Japan), systolic blood pressure (SBP) and diastolic blood pressure (DBP) measurement (OmronHEM-7201; Omron, Dalian, Liaoning Province, China), slit-lamp microscopy examination, indirect ophthalmoscope, anterior chamber angle examination using gonioscopy, visual field test (30-2, SITA fast) using Humphrey Field Analyzer (Carl Zeiss Meditec, Dublin, USA), central corneal thickness (CCT) using pachymetry map (anterior segment OCT, Carl Zeiss Meditec, Dublin, USA), AL using IOL-master (Carl Zeiss Meditec, Dublin, USA), choroid images and retinal nerve fiber layer thickness using spectraldomain optical coherence tomography (SD-OCT; Heidelberg Engineering GmbH, Heidelberg, Germany). Subjects were included in the POAG group if all of the following were true: 1) at least 18 years of age; 2) cup-to-disc (C/D) ratio ≥0.6 with an interocular C/D ratio difference ≥0.2; 3) retinal nerve fiber layer defect was present; 4) glaucomatous visual field defects corresponding to optic nerve changes were present; 5) normal anterior chamber depth with an open angle; 6) RE between +3.0 and -6.0 diopters (D). Patients who had a history of eye disease (except for POAG disease) or any prior ocular surgeries or poor OCT images quality were excluded from participation. Patients with systemic disease were also excluded. Normal subjects were included if all of the following were true: 1) at least 18 years of age; 2) normal fundus; 3) normal visual field; 4) normal anterior chamber depth with an open angle; 5) RE between +3.0 and -6.0 D. Potential control patients were excluded from participation if they had a family history of glaucoma, a history of ophthalmic disease or surgery, or systemic disease or poor OCT images quality [19] . IOP and the macular choroidal area were measured within 10min every 3h from 9:00 a.m. to 21:00 p.m. in a whole day. And we can calculate the mean arterial pressure (MAP) and mean ocular perfusion pressure (MOPP) according to the following formulas: MAP=DBP+1/3(SBP-DBP) and MOPP=2/3(MAP-IOP). Every examination was performed in sitting position in every tested subject of the whole tested day. Enhanced Depth Imaging Optical Coherence Tomography EDI-OCT imaging has been previously reported, and with this technique, we could finally visualize the full thickness of choroid [20] . The image was taken by 100 B-scans with the eye tracing function and the scan angle was 30° [ 21] . We set the scan angle of the SD-OCT to be 30°, so for every obtained imaging, the whole OCT picture represented 30°. Then from the fovea to both of its sides we divided the image into 30 parts equally, which means every part represented 1°. We chose the continuous 4 parts under the fovea to be the macular choroidal area of that image (Figure 1 ). For every eye in each measurement time point, a vertical and a horizontal OCT images were obtained. Then the two data were averaged to represent the macular choroidal area of the eye at that measurement time point. The choroidal area was defined as the area between the outer border of the retinal pigment epithelium (RPE) and the inner border of the sclera. For macular imaging, both the sides (left and right border in the imaging) of the measured area should be perpendicular to the RPE and the inner border of the sclera [22] . The observers, who were mask to the subject information, undertook the measurement by using the software Image J (version 1.47, National Institutes of Health, Bethesda, Maryland, USA). And the P-value for the interobserver of the macular choroidal area measurement was greater than 0.05. (Table 2 ). In both normal and POAG groups, the fluctuation rhythms of macular choroidal area were similar (Figure 2 ). The macular choroidal area in the five measurement time points all showed no significant difference between the two groups (all P>0.05; Figure 3) .
DISCUSSION
In this current study, we set the data at 9:00 a.m. as the baseline, and compared the baseline macular choroid area between the healthy subjects and POAG patients. Based on the results, we confirmed a lack of significant difference of macular choroid area between the two tested groups, just as previous studies have found [8] [9] [10] [11] 23] and this implied the higher IOP in POAG patients could make the retinal nerve fiber layer thinner but not the macular choroid, the macular choroid remained thick enough to maintain the central visual acuity. Up to now, the mechanism of the choroid thickness variation is still obscure. Some hypotheses were attempted to explain this physiological phenomenon, including changes in the synthesis of the osmotically active poly proteoglycans, changes of the vasopermeability in the choroid, changes in the amount of the fluid from the anterior chamber, the movement of the fluid from the RPE to the choroid and changes in the contraction of the nonvascular smooth muscle [24] . In addition, the choroidal thickness also has some relationship with the other ocular physiological parameters, like IOP and AL [25] and with the systemic physiological parameters, like the blood pressure [22] . In terms of the fluctuation, Lee et al [26] reported that choroid thickness decreased all the way during the daytime significantly. By the study of Usui et al [22] the choroid thickness has a peak value at 3:00 a.m. and a valley value at 18:00 p.m. The choroid thickness showed a downtrend as well. But conversely, Chakraborty et al [17] found the choroid thickness increased constantly from 12:00 a.m. to 21:00 p.m. Yet those researches were all done in healthy subjects. In our study, we noticed that there exists a significant fluctuation of the macular choroid area not only in healthy subjects but also in POAG patients. But the macular choroid area fluctuation diagram was not a straight line but a curve. It falls down from 9:00 a.m. and then rebounds at 12:00 a.m. all the way up until 18:00 p.m. and then once more falls down to 21:00 p.m. It was not exactly the same with the above mentioned conclusion. This finding might indicate that by POAG patients we should take the measurement time point into consideration when measuring the choroid thickness or area, especially in the forenoon. Besides, we found that the macular choroid area variation curve of normal and POAG groups were similar during the daytime. By the statistical methods, we conclude that, in those two groups, neither the fluctuation manners nor the change value of macular choroidal area between the two adjacent measurement time points differs significantly from each other, indicating that the fluctuation rhythm of macular choroidal area were similar between normal and POAG groups. So based on the results of this study, we could find that not only the macular choroidal area value, but also the fluctuation of the macular choroidal area in the daytime were not different between normal and POAG groups. And as mentioned above, the choroid was the only blood supply to the macula, which was the determinate of the central visual acuity. So we speculated that no matter in terms of statically or dynamically, the macular choroidal blood flow of POAG patients could remain sufficient and change in the normal range within the day, just as the normal individual, and could resist the mechanical compression of IOP and maintain the central visual acuity. So this could be one reason for the long-lasting of central visual acuity of POAG patients, especially in view of the neurovascular unit theory, which combined the blood supply of vessels and the function of nerve. Furthermore, we also studied the correlation between the change in macular choroidal area and the change in IOP. As the result showed, for normal individuals, the change in IOP was significantly positive correlated with the change in macular choroidal area only between 12:00 a.m. and the baseline timepoint (9:00 a.m.), without such correlation between 15:00 p.m., 18:00 p.m., 21:00 p.m. and the baseline time-point (9:00 a.m.). For POAG group, no such correlation has been found between 12:00 a.m., 15:00 p.m., 18:00 p.m., 21:00 p.m. and the baseline time-point (9:00 a.m.). Schuman et al [27] reported that the degree of IOP elevation was associated with uveal thickening in healthy individuals. But by that study, this was achieved by a valsalva maneuver, and the venous pressure was also elevated in the episcleral veins and could contribute to the IOP elevation. In this present study, significant correlation between the change in IOP and the change in macular choroidal area was only observed at 12:00 a.m. in normal group. So in physiological status, there might be no correlation between the change in choroid and IOP in normal and POAG groups because IOP was determined by multi-factors and had autonomic regulation function [28] . The present study had certain limitations. First, the sample size was relatively small and we could not divide the patients with POAG into different subgroups by stages for further analysis. Second, this study was only conducted in diurnal time but not in nocturnal time. Third, the use of anti-glaucoma drugs may affect the choroidal area, we did not take this factor into consideration. Forth, the choroidal area or thickness could not fully represent the actual choroidal microcirculation and metabolic status. In conclusion, both the macular choroidal area in normal and POAG groups showed significant diurnal fluctuations. When comparing the macular choroidal area between normal and POAG groups, not only the macular choroidal area, but also the fluctuation of macular choroidal area of POAG patients in diurnal time was not significantly different from that of normal individuals.
